Experimental Section
All chemicals obtained from Aldrich Chemical Co. were the best available purity and were used without further purification unless otherwise indicated. Solvents were dried according to published procedures and distilled under Ar prior to use.
1 Iodosylbenzene (PhIO) was prepared by a literature method. 2 Iron(II) complexes 1a, 3 2a 4 , 3a, 5 4a 6 and 5a 6 were prepared according to previously published methods. Corresponding oxoiron(IV) complexes 1 -5 were prepared by reacting the respective iron(II) complexes with 5 equiv of solid PhIO in CH 3 CN at ambient temperature and filtering off the unreacted PhIO.
UV-vis spectra were recorded on an HP 8453A diode array spectrometer equipped with a USP-203 cryostat from Unisoku Scientific Instruments, Osaka, Japan. Electrospray ionization mass spectral (ESI-MS) experiments were carried out on a Bruker BioTOF II mass spectrometer using the following conditions: spray chamber voltage = 4000 V; gas carrier temperature = 200
°C.
Resonance Raman spectra were collected using a Spectra-Physics Model 2060 krypton ion laser and an ACTON AM-506 monochromator equipped with a Princeton LN/CCD data collection system. Low temperature spectra in CH 3 CN or CD 3 CN were obtained at 77 K using a 135° backscattering geometry. Samples were frozen onto a gold-plated copper cold finger in thermal contact with a Dewar flask containing liquid nitrogen. Raman frequencies were calibrated to indene prior to data collection. The monochromator slit width was set for a bandpass of 4 cm -1 for all spectra. Our initial attempts to obtain resonance Raman spectra of 1 -5 failed, because of their high susceptibility to photodecomposition upon laser excitation. The resonance Raman data presented in Table 1 were obtained by irradiation of fresh spots on the surfaces of the frozen samples in the course of spectral accumulation in order to obtain spectra of acceptable quality.
X-ray absorption spectroscopic data for 1, 3, 4, and 5 were collected on beamlines X9B
(1, 4, and 5) and X3B (3) of the National Synchrotron Light Source (NSLS) at Brookhaven National Laboratory, with storage ring conditions of 2.8 GeV and 100 -300 mA. At NSLS, Fe K-edge XAS data were collected for frozen solution samples maintained at ca. 15 K over an energy range of 6.9 -8.0 keV using a Si(111) double crystal monochromator for energy selection and a Displex closed cycle cryostat for temperature control. A bent focusing mirror was used for harmonic rejection. Data were obtained as fluorescence excitation spectra with a 13- XAS data reduction, averaging, and normalization were performed using the program EXAFSPAK. 7 Following calibration and averaging of the data, background absorption was removed by fitting a Gaussian function to the pre-edge region and then subtracting this function from the entire spectrum. A three-segment spline with fourth order components was then fit to the EXAFS region of the spectrum in order to extract χ(k). Analysis of the pre-edge features was carried out with the program SSExafs 8 using a previously described protocol. 9 Theoretical phase and amplitude parameters for a given absorber-scatterer pair were calculated using FEFF 8.40
10 at the single-scattering level of theory, and were utilized by the opt program of the EXAFSPAK package during curve-fitting. In all analyses, the coordination number (n) of a given shell was a fixed parameter, and was varied iteratively while bond lengths (r) and Debye-Waller factors (σ 2 )
were allowed to freely float. The amplitude reduction factor S 0 was fixed at 0.9, while the edge shift parameter E 0 was allowed to float as a single value for all shells (thus in any given fit, the number of floating parameters = (2 × num shells) + 1). The goodness-of-fit parameter F was defined as F = Σ(χ exptl -χ calc ) 2 , while F' is defined as F 2 / (N IDP -N VAR ), where N IDP is the number of independent data points and N VAR is the number of floated variables in a given fit. F' is a test of whether addition of a shell is merited in the fit.
11
All electrochemical experiments were performed using a Cypress system CS1200 analyzer. The cyclic voltammetric measurements were carried out in CH 3 CN, containing iron complexes (1 mM) and tetrabutylammonium hexafluorophosphate (TBAPF 6 Å.
